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Invasive pulmonary aspergillosis, a serious opportunistic infection 
in adult patients with acute leukemia, is difficult to diagnose ante- 
mortem. To identify patients with invasive pulmonary aspergillosis 
without reliance on invasive diagnostic procedures, a discriminant 
scorecard for invasive pulmonary aspergiilosis based on clinical 
parameters was evaluated in a three-phase study. In phase I, the 
records of 62 patients, including 15 with invasive pulmonary as- 
pergillosis, were reviewed. Eleven clinical parameters distinguished 
patients with invasive pulmonary aspergiilosis from control subjects. 
These parameters were combined into a discriminant scorecard. 
In phase II, the discriminant scorecard was validated by a blinded, 
retrospective review of 94 consecutive admissions. The discriminant 
scorecard score was highly associated with the clinical outcome 
(p <O.OOOS). The sensitivity of the discriminant scorecard was 
calculated as a range from 62.9 to 92.8 percent and the specificity 
as a range from 87.5 to 98.3 percent. In phase Ill, the clinical utility 
of the discriminant scorecard was determined by its prospective 
application to 49 consecutive patient admissions. The discriminant 
scorecard identified patients with invasive pulmonary aspergillosls 
at an average of 4.1 days prior to clinical recognition of the disease 
and initiation of amphotericin B therapy. The discriminant scorecard 
outperformed a complex function based on multiple linear regres- 
sions, was easy to use, and did not require difficult calculations. 
Thus, for this patient population, the discriminant scorecard was an 
accurate, useful noninvasive screening test for invasive pulmonary 
aspergiliosis. The scorecard allows more rapid clinical identification 
of patients with this infection and could lead to improved patient 
survival through earlier diagnostic and therapeutic intervention. 

Invasive pulmonary aspergillosis is a serious opportunistic infection 
among patients with acute leukemia [l-3]. The incidence of invasive 
pulmonary aspergillosis varies, but invasive pulmonary aspergillosis 
develops in up to 20 percent of patients admitted for chemotherapy 
of acute leukemia at some centers [ 1,4,5], with overall mortality rates 
of 67 to 100 percent [ 1,2,4-61. Lung biopsy-either transbronchial, 
open, or via transthoracic needle aspiration-is the definitive method 
for antemortem diagnosis of invasive pulmonary aspergillosis [3,7,8]. 
However, the potential complications of an invasive procedure in 
pancytopenic, immunocompromised patients are considerable. Fur- 
thermore, biopsy techniques can give false-negative results [9]. 
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Reliable noninvasive diagnostic techniques have 
therefore been sought. Serologic detection of circu- 
lating Aspergillus antigen is a promising noninvasive 
diagnostic tool [ lo- 121, but it has not yet been applied 
to a large clinical sample and remains unavailable to 
most clinicians. Consequently, amphotericin B is often 
administered empirically to febrile, granulocytopenic 
patients [13]. Although this may reduce the overall 
morbidity of fungal infections, it exposes patients to 
amphotericin B who might otherwise not require the 
medication. 

Discriminant analysis has been used in a variety of 
clinical settings to aid physicians in the diagnosis and 
management of complex illnesses [ 14,151. However, 
#the functions derived by discriminant analysis are often 
complex and may require multiple calculations. In the 
present study, we describe an unweighted discriminant 
scorecard based on 11 clinical features that separate 
patients with acute leukemia and invasive pulmonary 
aspergillosis from those without this infection [ 161. This 
scorecard is easy to use, does not require complex 
calculations, and can easily be reapplied as clinically 
indicated. In addition, we present the validation of the 
discriminant scorecard and describe its utility as a di- 
agnostic test for invasive pulmonary aspergillosis in a 
prospective study. 

PATIENTS AND METHODS 

Study Design. The study was divided into three phases. Each 
phase used a different patient group. Phase I identified those 
clinical features that distinguished patients with invasive 
pulmonary aspergillosis from control subjects and yielded 
the list of variables to be used in the discriminant scorecard. 
Phase II validated the discriminant scorecard through a re- 
trospective review of a second group of patients. Phase III 
prospectively evaluated the discriminant scorecard to de- 
termine its clinical applicability and utility. 
Patient Population. All patients had acute leukemia treated 
in the Oncology Study Unit of the Hospital of the University 
of Pennsylvania. The phase I study group consisted of 62 
patients admitted from July 1, 1978 to January 31, 1981, 15 
of whom had documented invasive pulmonary aspergillosis, 
as previously described [ 16,171. The phase II study group 
consisted of 94 consecutive admissions of 57 patients from 
February 1, 198 1 to August 8, 1982. The phase Ill study group 
consisted of 49 patient admissions from August 9, 1982 to 
March 31, 1983 that were followed prospectively for devel- 
opment of features that met discriminant scorecard criteria. 
Prior to and during this entire study period, empiric adminis- 
tration of amphotericin B to granulocytopenic patients with 
prolonged fever despite antibiotics was not routine clinical 
practice. 

Admissions that satisfied one or more of the following 
criteria were reviewed: (1) admission for administration of 
any chemotherapeutic regimen, (2) admission of at least 36 
hours’ duration that ended in the patient’s death, or (3) ad- 
mission for radiation therapy. In phase I, all admissions in 
which a diagnosis of invasive pulmonary aspergillosis was 

established and one randomly selected admission per control 
patient were reviewed. In phase II and Ill, all admissions were 
reviewed. 

In the absence of a universally applicable diagnostic gold 
standard for invasive pulmonary aspergillosis, a classification 
scheme was developed on the basis of all information 
available at least one month after discharge, including 
pathologic records, microbiologic results, chest radiography 
reports, and autopsy, if performed. This classification 
scheme, which grouped each patient admission according 
to the likelihood that invasive pulmonary aspergillosis had 
developed, was applied independently from the scorecard 
and was used to evaluate its accuracy. Each admission was 
independently classified by four reviewers; when discordance 
occurred, the final classification was chosen by con- 
sensus. 

The criteria used to classify patients were as follows: 
Group I (case subjects): Pathologically documented in- 

vasive pulmonary aspergillosis. 
Group II (probable case subjects): Either (1) a positive 

result of a nasal or sputum culture for Aspergillus species in 
the presence of a pulmonary infiltrate on chest radiography, 
or (2) a nasal ulceration or eschar that demonstrated As- 
pergillus species on biopsy and/or culture. 

Group l//a (indeterminate): A pulmonary infiltrate not 
associated with a concurrent positive blood culture result, 
and lacking both a pathologic and a microbiologic diag- 
nosis. 

Group l/lb (indeterminate): Either (1) a febrile episode 
lasting seven or more days without a pathologically, micro- 
biologically, or clinically documented source, or (2) a sputum 
or nasal culture that demonstrated Aspergillus species 
without any signs or symptoms of infection. 

Group IV (probable control subjects): Did not undergo 
autopsy and lacked the criteria mentioned for Groups I 
through Illb. Specifically, this group included all patients with 
a fever of any duration that had a single documented source 
and any pulmonary infiltrate with evidence of a bacterial or- 
igin. 

Group V(contro/subjecfs): Autopsy did not show invasive 
aspergillosis, and results of all antemortem cultures, smears, 
and pathologic studies were negative for Aspergillus 
species. 

In our view, separation of case subjects and control 
subjects into two groups each reflected the extent of clinical 
documentation rather than lower confidence in the presence 
or absence of disease. The indeterminate group was subdi- 
vided into llla and lllb because of the different presenting 
clinical features. 
Phase I: Development of Discriminant Scorecard. In phase 
I, 11 clinical parameters were found to discriminate patients 
with invasive pulmonary aspergillosis from control subjects 
without the infection [ 161. The definition of each parameter 
was as follows: (1) admission oral temperature (OF); (2) du- 
ration of granulocytopenia (polymorphonuclear leukocyte 
count less than 500/mm3) in days; (3) the number of febrile 
episodes without a source (each episode was defined as an 
oral temperature of lOOoF or more occurring over at least 
a four-hour period on at least two consecutive days and 
separated from a different febrile episode by at least 48 
hours; a source included a microbiologically, pathologically, 

59 July 1995 The American Journal of Medlclne Volume 79 



DlSCRlMlNANT SCORECARD FOR ASPERGILLOSIS-GERSON ET AL 

or serologically documented infection or a clinically docu- 
mented site of presumed infection such as a perirectal ab- 
scess, cellulitis, or odynophagia); (4) total number of febrile 
days during febrile episodes without a source; (5) total number 
of febrile days while receiving antibacterial antibiotics; (6) 
presence of rales; (7) presence of nasal ulceration or eschar, 
nasal discharge, sinus tenderness, or epistaxis; (8) presence 
of pleuritic chest or back pain; (9) hospital day on which the 
first pulmonary infiltrate occurred; (10) the distribution of the 
pulmonary infiltrate; and (11) the appearance of either nod- 
ules or cavitary infiltrates on chest roentgenography. 

A scorecard method was developed using these 11 pa- 
rameters. First, the distribution of each parameter was ex- 
amined, and values were selected that optimally separated 
case subjects from control subjects. The range of values of 
each parameter was divided into two or three regions and 
designated as “control score range,” i.e., values found in the 
majority of control subjects, as “case score range,” or, if 
nondichotomous, as “intermediate.” Second, the variables 

.were combined into a scorecard such that each parameter 
with a value in the control range was assigned a score of “0,” 

.whereas each parameter with a value in the case range was 
assigned a score of “1.” A parameter within the intermediate 
range or a missing parameter received no score. The final 
assignment of value ranges was determined by an iterative 
method. We weighted each individual variable equally be- 
cause we had no a priori reason to rank the importance of 
variables, and because the goal was to develop a simple,’ 
clinically applicable test. The cumulative discriminant 
scorecard score was defined as the average of all score 
parameters that were neither missing nor intermediate. 
Discriminant scorecard average values therefore ranged from 
0.0 to 1.0. Finally, we compared the scorecard with a 
discriminant function derived from the same data. 
Phase II: Validation of the Discriminant Scorecard. In phase 
II, the discriminant scorecard was evaluated by review of a 
second group of patients. To eliminate observer bias in data 
collection and analysis during the validation study, two 
fourth-year medical students who were unaware of the 
discriminant scorecard, the study design, and the study hy- 
potheses were trained in the method of chart review and 
tested in a review of six charts. The two reviewers agreed in 
over 95 percent of data entries. Each reviewer then reviewed 
one half of the 94 patient admissions in phase II. The ab- 
stracted data were computerized and the discriminant 
scorecard scores calculated. Independently, each patient was 
classified as described before into Groups I to V, and these 
classifications were used as the standard by which to assess 
the discriminant scorecard. Ninety-four admissions were 
classified in phase II by four reviewers, with 14 discordant 
classifications, 12 of which were disagreements between 
Groups Illa, Illb, and IV. Agreement was reached by con- 
sensus. 
Phase III: Prospective Evaluation of the Discriminant 
Scorecard. To determine the clinical applicability and utility 
of the discriminant scorecard, it was prospectively applied 
to the 49 phase Ill patient admissions every third day of 
hospitalization. The analysis of phase Ill was limited to 
questions of (1) validity of the scorecard and (2) determination 
of the point in time at which the scorecard indicated the 
presence of invasive pulmonary aspergillosis, in comparison 

to clinical judgment. Thus, the point in time that discriminant 
scorecard conversion into the established case range oc- 
curred was compared to the hospital day at which: (1) the 
diagnosis of invasive pulmonary aspergillosis was suspected 
clinically; (2) amphotericin B treatment was begun; and (3) 
the invasive procedure leading to a pathologic diagnosis of 
invasive pulmonary aspergillosis was performed. During this 
prospective study, the score of an individual parameter was 
kept at “1” once the cutoff value was reached and did not 
revert to “0” if the cutoff value did not persist. Thus, a tran- 
sient episode of pleuritic chest pain was always scored as 
a “ 1.” This guideline was not applied to parameters 3 to 5. 
Specifically, occasional changes in scoring would occur 
when new information was received (e.g., an undiagnosed 
fever source became “diagnosed” when blood cultures re- 
vealed a microorganism one to five days after the onset of 
fever). 
Data Analysis. The discriminant scorecard mean score 
difference between invasive pulmonary aspergillosis clas- 
sification groups was tested for significance using the two- 
tailed Student t test to compare the mean score in case 
subjects (Groups I and II) to that in control subjects (Groups 
IV and V) or by using analysis of variance techniques to 
compare the scores of the six separate groups. Decisions 
regarding cutoff values, sensitivity, and specificity were 
reached by combining Group I (case subjects) with Group II 
(probable case subjects) and Group IV (probable control 
subjects) with Group V (control subjects). Receiver operator 
characteristic curves were used to establish the cutoff 
discriminant scorecard score indicative of invasive pulmonary 
aspergillosis [ 18,191. 

To validate the discriminant scorecard as a diagnostic test 
in phases II and Ill, the same cutoff discriminant scorecard 
score was used and the distribution of patients as case 
subjects or control subjects was compared with the invasive 
pulmonary aspergillosis classification scheme. Further 
evaluation of the discriminant scorecard as a diagnostic test 
included an analysis of the impact that the sizeable fraction 
of patients whose true clinical status was unknown (classi- 
fication Groups llla and Illb) would make on the scorecard’s 
utility. This was performed by recording the sensitivity, 
specificity, and predictive values of the scorecard as ranges 
of values calculated by combining the scores of patients in 
Groups llla and lllb either with the scores of defined case 
subjects or with the scores of defined control subjects 
[201. 
RESULTS 

Phase I: Development of the Discriminant Scorecard. 
A previous study [ 161 identified 11 clinical features that 
were significantly different in patients with acute leu- 
kemia who had invasive pulmonary aspergillosis 
compared with those who did not. From these data, 
optimal cutoff criteria were determined for each pa- 
rameter and the discriminant scorecard was derived 
(Table I). The distribution of scores in the patients used 
to derive the discriminant scorecard is presented in 
Figure 1. The mean value of the discriminant scorecard 
in patients classified as case subjects (Group I) was 0.85 
I& 0.08 (mean f standard deviation), whereas in prob- 
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TABLE I Discriminant Scorecard for Invasive 
Pulmonary Aspergillosis’ 

Parameter 

Criteria 
Control Case 

(score = 0) (score = 1) 

Admission temperature 
(‘F) 

Granulocytopenic days 
(polymorphonuclear 
leukocyte count 
<500/mm3) 

Febrile episodes without 
a source 

Febrile days 
(temperature L lOOoF) 
without a source 

Febrile days during 
antibiotic therapy 

Rales without volume 
overload 

Nasal/sinus abnormality 
on examination 

Pleuritic chest pain 
Day of onset of infiltrate 

Pulmonary infiltrate on 
chest radiography 

Cavity or nodules on 

<lOO 

<22 

None Two or more 

<6 114 

<13 

Absent 

None 

Absent 
Before 7th 

day 
None or 

unilobed 
Absent 

>lOl 

130 

219 

Present 

Nasal eschar or ul- 
cer or discharge 
plus epistaxis 
plus sinus 
tenderness 

Present 
After 14th day 

Multilobed 

chest radiography 

l See text for description of the discriminant scorecard and its 
derivation. 
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Figure 7. Distribution of discriminant scorecard scores in 
phase I patients. Patients were grouped according to their 
clinical classification for likelihood of having invasive pul- 
monary aspergillosis, Groups I through V. Each solid circle 
represents one patient. 

able case subjects (Group II), it was 0.84 f 0.11. In 
contrast, the mean value of the scorecard in probable 
control subjects (Group IV) was 0.17 f 0.16, whereas 
it was 0.28 f 0.10 in control subjects (Group V). The 
difference in mean scores, comparing Groups I and II 
combined, with Groups IV and V combined, was highly 
significant (p <0.0005). 

To help determine the optimal minimal discriminant 
scorecard score indicative of the presence of invasive 
pulmonary aspergillosis (the scorecard cutoff value), 
receiver operator characteristic curves [ 18,191 were 
derived. To maximize sensitivity with a minimal change 
in specificity, a cutoff of 0.4 was chosen. Thus, patients 
with a score above 0.4 were considered likely to have 
invasive pulmonary aspergillosis and those with a score 
less than or equal to 0.4 were considered unlikely to 
have invasive pulmonary aspergillosis. When these 
criteria were applied (Figure l), seven scores were 
false-positive (five patients in Group llla and two in 
Group IV), and no scores were false-negative. Review 
of the clinical course of the patients with false-positive 
scores revealed that three had nodular or cavitary in- 
filtrates, one had an infiltrate associated with oral ac- 
tinomycosis, one had an undiagnosed, progressive 
pulmonary infiltrate, one had an undiagnosed nasal ul- 
ceration, and the last had Pseudomonas aeruginosa 
bacteremia and Candida species isolated from multiple 
body sites. 

We were concerned that the classification definitions 
would exclude from the control groups any patient with 
a prolonged fever as well as patients with pulmonary 
abnormalities. We found this not to be the case. 
Eighty-seven percent of Group IV and Group V patients 
had fever (mean duration, 12.4 days). In addition, 28 of 
32 (87 percent) Group IV and Group V patients had 
pulmonary abnormalities, 16 of whom had pulmonary 
infiltrates. These patients had concurrent bacteremia 
or microbiologic, histologic, or pathologic documen- 
tation of a source. We performed subset analysis in 
which we excluded from Group IV those patients with 
neither fever nor a pulmonary infiltrate; the mean 
discriminant scorecard score of this subgroup was 
similar to that of Group IV as a whole. 

The discriminant scorecard was compared with a 
conventional discriminant function created from the 
same data. The scorecard outperformed the discrimi- 
nant function: the latter had one false-negative result 
and nine false-positive results, compared with zero and 
seven, respectively, for the scorecard. 
Phase II: Validation of the Discriminant Scorecard. 
The patient characteristics of the 94 phase II patient 
admissions used to validate the discriminant scorecard 
are presented in Table II. The distribution of discriminant 
scorecard scores in phase II patients is presented in 
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TABLE II Characteristics of Patients in the Validation Study (Phase II)” 

Classilication Group 

(N 18) (N I 6) 
llla lllb 

(N = 15) (N = 5) (N r57) (NL) 

Age (median) 
Diagnosis 

AML 
ALL 
CML 

Number of relapses+ 
Admission granulocyte count 

(X lo-s)+ 
Patients with granulocyte count 

<500/mm3 on admission 
Hospitalized days+ 
Chemotherapy received 

DAT 
COAP 
HD AraC 
DVP 

Deaths 

51 54 46 33 46 28 

7 4 7 3 42 3 
1 2 4 2 9 0 
0 0 4 0 6 0 

1.9 f 1.4 0.6 f 0.8 2.0 f 1.7 1.0 f 0.9 2.2 f 2.4 4.6 f 4.7 
2.8 f 6.2 1.5 f 3.2 4.5 f 7.3 3.5 f 3.6 4.6 f 10.2 1.0 f 1.1 

4/a 416 7/15 O/5 14157 213 

33.9 f 9.3 21.6 f 11.6 26.8 f 11.3 27.8 f 13.1 21.4 f 12.6 17.0 f 12.3 

18 
7 
3 
a 
3 

l For all variables, the distributions among Groups I through V are p >0.05 using chi-square, the Fisher exact test, analysis of variance, 
or Student t test, as appropriate. 
+ Mean f standard deviation. 
AML = acute myelogenous leukemia; ALL = acute lymphocytic leukemia; CML = chronic myelogenous leukemia in blast crisis; DAT = 
daunorubicinlcytosine arabinoside/6-thioguanine; COAP = cyclophosphamide/vincristine/cytosine arabinoside/prednisone; HD AraC = 
high-dose cytosine arabinoside; DVP = daunorubicin/vincristine/prednisone. 

Figure 2. The overall distribution is similar to that in 
Figure 1, although the corresponding mean discriminant 
scorecard scores were lower in Groups I, II, and IV. The 
function successfully separated case subjects (Groups 
I and II, 0.61 f 0.06) from control subjects (Groups IV 
and V, 0.09 f 0.12) (p <0.0005). 

The only patient with a false-positive result in the 
control group had candidemia and a progressive infil- 
trate. Nine patient admissions in the indeterminate 
groups (Illa and Illb) had a score above 0.4. Review of 
these admissions revealed that in two instances a prior 
admission had been complicated by invasive pulmonary 
aspergillosis, and two admissions were in a single pa- 
tient in whom invasive pulmonary aspergillosis subse- 
quently developed. Significant events in the other five 
admissions were pulmonary cryptococcosis and a uri- 
nary isolate of A. fumigatus (one), an undiagnosed 
progressive pulmonary infiltrate that persisted until 
death (one), nodular infiltrates that resolved sponta- 
neously when remission occurred (two), and prolonged 
fever without a detectable infection (one). One patient 
had a false-negative result in Group II. This patient had 
evidence of invasive nasal aspergillosis with a 1 cm 
nasal septum ulceration from which A. flavus was iso- 
lated, but had no pulmonary infiltrate. 

To evaluate the discriminant scorecard as a diag- 
nostic test for invasive pulmonary aspergillosis, the 
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Figure 2. Uistribotion of discriminant scorecard scores in 
phase II patients. 77% validation of the discriminant scorecard 
was performed in phase II patients. The cutoff value of 0.4 
was derived through the receiver operating characteristic 
curves as described. Patients are grouped as in Figure 1. 

unknown status of patients in the indeterminate groups 
must be taken into account. For this reason, the sen- 
sitivity was calculated as a range from 62.9 to 92.8 
percent, depending on whether patients in Groups llla 
and lllb were considered case subjects or control 
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TABLE III Discriminant Scorecard As a Diagnostic 
Test for Invasive Pulmonary Aspergillosis 
(Phase II) 

Predictive Values 
Patient Group Sensitivity Specificity Positive Negative 

Case Control (percent) (percent) (percent) (percent) . 
I, II IV, v 92.8 98.3 92.8 98.3 
I, II Illa, Illb, IV, 92.8 87.5 56.5 98.6 

V 
I, II, llla Illb, IV, V 69.0 95.3 87.0 85.9 
I, II, Illa, IV, v 62.9 98.3 95.7 al.7 

lllb 

subjects (Table III). Likewise, specificity ranged from 
87.6 to 98.0 percent, positive predictive value from 56.5 
to 95.7 percent, and negative predictive value from 8 1.7 
to 98.6 percent. Thus, the negative predictive value and 
specificity remained very high, regardless of how in- 
determinate patients were classified. 
Phase Ill: Prospective Evaluation of the Discriminant 
Scorecard. The third phase of the study was designed 
to test the ability of the discriminant scorecard to 
diagnose invasive pulmonary aspergillosis more rapidly 
than conventional clinical judgment. Forty-nine patient 
admissions were prospectively followed; in 12, discri- 
minant scorecard scores greater than 0.4 were 
achieved. Four were classified in Group I, two in Group 
II, four in Group Ill, and two in Group IV. All four patients 
in Group III were clinically suspected of having pulmo- 
nary aspergillosis but had no diagnostic study. Of the 

TABLE IV Prospective Evaluation of the 
Discriminant Scorecard 

Diagnosis of Invasive 
Discriminant Administration of Pulmonary Aspergillosis 

Scorecard Amphotericin B Pathologic 
Patient Score above 0.4 Begun Suspected Confirmation 

Number (hospital day) (hospital day) (hospital day) (hospital day) 

Group I 

2 
3 
4 

Group II 
5 
6 
7 

Group Ill 
a 
9 

iii&v 
11 
12 

16 26 23 26 
16 19 19 29 

36 43 43 47 
34 37 36 44 

21 14 23 
19 19 21 
a 10 a - 

29 31 31 
11 - 15 
26 28 28 - 

36 49 
11 - 

two Group IV patients, one had candidal sepsis and the 
other had a prolonged fever without a source. No patient 
with a discriminant scorecard score below 0.4 had 
clinical evidence of invasive pulmonary aspergillosis. 
Thus, there were no false-negative results. The high 
sensitivity and specificity of the scorecard found in 
phase II are thereby confirmed. 

In Table IV, the hospital day that the discriminant 
scorecard score exceeded 0.4 is compared with the 
hospital day amphotericin B treatment was begun, the 
day the clinical diagnosis of invasive pulmonary as- 
pergillosis was considered, and the day that pathologic 
documentation of invasive pulmonary aspergillosis was 
obtained. Discriminant scorecard conversion occurred 
prior to initiation of amphotericin B treatment in eight 
of 10 patients, by a mean of 4.1 f 3.1 days; prior to the 
clinical diagnosis in nine of 10 patients, by a mean of 
3.6 f 2.3 days; and prior to the pathologic diagnosis in 
four of four patients, by a mean of 11 .O f 4.4 days. Two 
of the three patients classified in Group II did not have 
discriminant scorecard conversion prior to the initiation 
of amphotericin B treatment, because the presence of 
candidemia in one and local nasal aspergillosis in the 
other necessitated administration of amphotericin B 
before signs or symptoms of invasive pulmonary as- 
pergillosis had developed. 

COMMENTS 

Invasive pulmonary aspergillosis is one of many pos- 
sible causes for persistent fever in granulocytopenic 
patients with acute leukemia. Early diagnosis is es- 
sential, since early antifungal therapy improves the 
chances of survival [3,4,21]. The discriminant score- 
card described herein identified our patients with in- 
vasive pulmonary aspergillosis accurately and early in 
the course of the clinical infection. It is easy to use and 
to understand, is noninvasive, and its calculation can 
be performed at the bedside as often as is clinically 
indicated. In addition, it was able to identify disease in 
patients with concomitant bacterial or other fungal in- 
fections. 

The discriminant scorecard was developed because 
invasive pulmonary aspergillosis is difficult to diagnose 
antemortem. This difficulty is due to the poor sensitivity 
and specificity of individual clinical features commonly 
ascribed to invasive pulmonary aspergillosis. The 
strength of the discriminant scorecard is that it takes 
into account the distribution of 11 clinical features, each 
of which was found to be significantly different in case 
subjects compared with control subjects, and further- 
more it allows identification of the infection when as few 
as four criteria are met. Although the sensitivity and 
specificity of individual parameters vary, the scorecard 
as a whole has a high sensitivity and specificity. As 
opposed to discriminant functions derived by multi- 
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variate analysis, this scorecard does not weight indi- 
vidual parameters differently, does not require data on 
all parameters, and does not require a complex math- 
ematical calculation to score a patient. Although the 
scorecard was designed to identify patients with in- 
vasive pulmonary aspergillosis, the consistently high 
negative predictive value (Table Ill) indicates that the 
scorecard is actually better able to identify patients in 
whom the presence of invasive pulmonary aspergillosis 
is unlikely. 

A central issue to the diagnosis of invasive pulmonary 
aspergillosis is the ability of a test to establish a timely 
diagnosis. In the third phase of this study, the timeliness 
of the discriminant scorecard was evaluated. The 
discriminant scorecard identified patients with invasive 
pulmonary aspergillosis well before a pathologic di- 
agnosis was established, and prior to the initiation of 
amphotericin B therapy in eight of IO patients. This was 
observed despite the fact that Oncology Unit clinicians 
were attuned to the diagnosis of invasive pulmonary 
aspergillosis and were aware of the scorecard criteria. 
These results suggest that the discriminant scorecard 
identifies patients with invasive pulmonary aspergillosis 
earlier than conventional clinical judgment. 

The potential problems of frequent application of the 
discriminant scorecard in an individual patient are an 
increased rate of false-positive results and a large 
number of intermediate values that could render the 
scorecard useless. First, incomplete information might 
lead to improper scoring of a given parameter. For in- 
stance, individual parameters regarding the source of 
fever might be scored as a case value (” 1”) because 
culture results can be delayed for one to four days or 
longer. We observed five instances in which a reversion 
was necessary in one or more parameters, but this did 
not result in any false-positive (score above 0.4) case 
designations. With regard to the second problem, 
among the 49 serially analyzed patients, we never ob- 
served more than five intermediate parameters at one 
time. Nonetheless, it would be prudent to avoid a clinical 
decision based on the scorecard if there were more 
than five intermediate parameters. 

The discriminant scorecard may lead to improved 
patient management in three ways. First, it can alert 
clinicians to a high probability of invasive pulmonary 
aspergillosis in an individual patient and can lead to 
earlier definitive diagnostic studies. Second, when re- 
sults of invasive diagnostic studies are inconclusive, the 
scorecard may reinforce the clinical judgment that this 
opportunistic infection is or is not present. Third, the 
discriminant scorecard may help influence the thera- 
peutic use of amphotericin B. In institutions with a high 
prevalence of invasive pulmonary aspergillosis, ad- 
ministration of amphotericin B could be begun in pa- 
tients with a score greater than 0.4, preferably while a 
definitive diagnosis is pursued. 
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In institutions with a low prevalence of invasive pul- 
monary aspergillosis, the discriminant scorecard may 
still be a useful diagnostic test. To use the discriminant 
scorecard, clinicians need to know the prevalence of 
the disease in order to interpret a high or a low score. 
As the prevalence of a disease falls, the predictive value 
of a positive test result falls, but the incremental in- 
crease from the pre-test value to the post-test value in 
the probability of having the disease, given a positive 
test result, often rises [22]. In this way, a positive 
scorecard result may raise the likelihood of disease, 
even at an institution where the disease is infre- 
quent. 

Clinicians should be cautioned that the discriminant 
scorecard has not been validated at other institutions, 
where differences in medical care, patient character- 
istics, and prevalent opportunistic infections might alter 
the appropriate parameters and cutoff criteria [23,24]. 
Such differences might require that other institutions 
derive and validate their own discriminant scorecard for 
invasive pulmonary aspergillosis, using the methods we 
describe. Although our parameters and cutoffs may not 
be generalizable, the methodology for their derivation 
should be. 

In summary, prospective discriminant scorecard 
screening for invasive pulmonary aspergillosis can be 
a useful noninvasive test with a high negative predictive 
value and a moderately high positive predictive value. 
At present, in our Oncology Study Unit, a discriminant 
scorecard score approaching 0.4 is one criterion for 
initiation of empiric amphotericin B treatment, unless 
clinical judgment dictates otherwise. Such patients also 
receive intense evaluation, including frequent radio- 
graphy, careful nasal and sinus examinations by the 
otorhinolaryngology service, and nasal swab culturing 
for Aspergillus species. When a pulmonary infiltrate 
develops in a patient who is not already receiving am- 
photericin B empirically, bronchoscopy is considered. 
If the scorecard score exceeds 0.4, amphotericin B is 
usually administered pending receipt of pathologic and 
microbiologic results. In this setting, use of the discri- 
minant scorecard has improved the diagnosis and 
treatment of invasive pulmonary aspergillosis compli- 
cating therapy for acute leukemia. 
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